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sometimes go before recurving is unknown, but Kimball 
su gests that some may cross the Pacific to Japan.I2 1 s  to velocity of movement, RedfieldlJ reports that 
some move slower than any he knew of in the Atlantic, 
but not slower thansomein the Bay of Benegal. On the 
other hand, some of the recent storms, for which the 
information is rather full, as for. example the severe 
stonn of September, 1918, moved nearly 300 miles in 34 
hours. 

As to severity: Tro ical cyclones in this region, as in 

storms are uncommon. The avera e storm is not 
all others, vary great P y in intensity. Unusually severe 

19 5. H. Klmball, lor. cit. RedEcld. loc. cit. 

so severe perhaps as the average typhoon, or West 
Indian hurricane, and many are not destructive to 
shipping, just as many typhoons and West Indian 
hurricanes are not destructive to shipping. But on the 
other hand the records indicate that scores of boats have 
been wrecked by storms in the northeast Pacific, and it 
does no good to try to i nore these stornzs or to say that 

As to frequency, the list given above suggests that two 
or more tropics\ cyclones occur on the average each 
year off the west coast of Mexico. Twenty-six are re- 
corded in 11 years, 1849-1859, and 24 in 13 ears, 1880- 
1893. In  one year, 1855, seven were recorJd. 

they afford no apprecia B le danger. 

A METHOD FOR THE CALCULATION OF NORMAL FROST DATES FROM SHORT TEMPERATURE RECORDS. 

Ry W. B. VAN ARSDEL. 

1 Erown Co., Berlln, N. H., July S, 1922.1 

A few months ago the writer had occasion to examine 
the records of five or six cooperative Weather Bureau 
stations in a certain small area with a view to estimating 
frost risk in that area. I t  chanced that some of these 
stations had only a short record, and, accordingly, the 
direct averaging of frost dates, etc., was out of the ques- 
tion as a method of any trustworthiness, especially since 
some of those few years had passed without any recorded 
frost. Under these circumstances it was necessar to use 

perature record. The occurrence of a minimum tem- 
erature of 3 2 O  or below was taken as the equivalent of a 

filling frost.’ Then from the available data the smoothed 
curve of “normal” daily minimum temperature was 
drawn, and the dispersion of actual minima about the 
mean minimum determined. With this material it  was 
possible to calculate the frost data usually re uired, 

of growing season in four out of five years. A search of 
the literature on the mathematkal treatment of frost 
data has failed to reveal any reference to previous use of 
the method in question. 

The fundamental idea on which the method is based is 
that the “average” date of, sa , the f i s t  killing frost in 

represent the joint probability that frost will occur and 
that it shall not previously have occurred (since spring) ; 
in other words, the probability that the Jimt frost will 
occur, plotted against date, is the same curve as the 
frequency distribution of first frost over, say, a 100- ear 

enod, and will correspond to the same average iate. 
ft  should be noted that given two stations with identical 
normal daily minimum temperature curves, frost will 
occur fist at the station where actual temperatures dis- 

erse most widely about the mean; the calculation could 
{e very greatly simplified if this dispersion could be 
assumed to be Gaussian, but in fact i t  is found to be so 
asymmetrical that the Gaussian formulas are useless, 
and graphical treatment is preferable in this case to the 
use of either Pearson’s or Tolley’s skew formulas. 

an indirect method of computation, based on t i e tem- 

namely, probable dates of first and last frost, and Y eiigth 

the fall is the mean abscissa o 7 a curve whose ordinates 

1 The use of a temperature criterion of frost occurrence while suffering from the grave 
drawback that damage to vegetation Is not a dire$ funthon of temperature alone, still 
possesses several Important adyanta (See f?mstance ‘‘IWin frost and lengthof 

F e r e i n d  J. W%z MO WEATEE~ E?%, 366 1917 snd “Weather forecasting the Umted States” f. B ‘No. q,, 
178.) Mr. William’ 0. Reed comments in a private communicitian as follows: 

neral, we have found that temperature methods of determining frost dates are more r eanite’ and probably more accurate than reports of killing host. * * Kllling 
frost Is ball not a meteorological phehomenon at all but it ifi so tied u . wlth various 
questions oTplant y+ology that the term mems dinerent things at %Rerent times 
and difierent p h .  

season m various section of%ktuc& 

4sa9--2-2----2 

The smuothecl curve of normal daily minimum teni- 
periiture cun not, of course, be deterniined very accu- 
rstely froin only 4 or 5 years record. A more precise 
iiidiod which IS usually possible consists in utilizing 
tho  iiiont,lily 1iist.ograni giving the normal daily mini- 
mum of n near-bv station of 20 years’ or longer record, 
nveragiw the diflerences in monthly means a t  t,he two 
stations Buring t.he 4 or 5 years of simult.sneous record 
at  h0t.h shtions, n plying the differences so found to 
the long record, an (P smoothing the correct,ed his togram 
to a cont.inuous curve. 

The dispersion of actual niinimn about, the mean is 
determined directly in ogee form, recording as “prob- 
ability that the t,empera.ture will be lower than n degrees 
shove or below the mean.” Table 1 suniniarizes the 
dispersion of August and September minima about the 
mean determined from Figure 1. The da.ta are taken 
from the records of t,he cooperative observer at. Berlin, 
N. H., 33 years observations being avnilablo from which 
t.0 draw7 the mem curve. 

Deviation horn 
mean.. . . . . . . , 

Nlllnber of CLSCS. .  . . . . 
Number of c3scs with 

lower tern rraiure 
than given &vhtinn 

Probability that tcm- 
erature will be P ower than given 

number of degrees 
from themeau 

TABLE 1. 
- -  

Kegat.ivr. I Pusitive. 
! 

fI.920 
0.9612 1.001 1.00 

I _ _  
The ogee curve is drawn though plotted points 

-15, 0.025: 
etc. (Ser fie. 2.) 

The probahlity of frost occurrence can now be plotted 
a ainst date b determining at, say, five-day intorvals, 

from tho 33’ line and reading from t e ogee curve 
(fig. 3) the probability of occurrence of such a deviation 
froni the mean. Figure 3 was drawn in that way from 
the given data. 

It is now necessar to determine the probability that 

curre8 the vdues of Figure 3, subtracted horn unity, 

-10, 0.107; -5 ,  0.360; 0, 0.461; + 5 ,  0.715, 

R t % e distance o s the mean minipiurn ten1 erature curvc 

on an given date P rost shall not previously have oc- 



MONTHLY WEATHER REVIEW. 

FIG J. 

DEVIATION FROM MEAN, n DEGREES 
Ro. 2. 



JUNE, 1925. MONTHL\- WEATHER REVIEW. 299 

I - 5 5  

I 

.30 

I l l  

FROST OCCURRENCE 

I 5 IO I5 20 25 1 5 IO I5 20 25 
A U . G W U  7, SCPTEM6fZR 

Aueus-r 



300 MONTHLY WEATHER REVIEW. JUNE, 1922 

of frost on a 

however, markedly asymmetrical, and the reason is quite 
obvious; a t  a station so far north as Berlin, N. H., the 32’ 
line is within ”striking distance” of the normal minimum 
beniperature c.urve during almost the entire summer, so 
t,hat, the tails of both frost-occurrence curves are long on 
the summer side; on the other hand, beyond the m a m a  
of these curves the temperature drops rapidly toward the 
wint,er months (see fig. l),  frost becomes certain every 
few days, and the winter-side tails are relatively short. 
As a matter of fact, t,he curves are so asymmetrical that 
the most probable da.te of 
mode of its curve) is three 
In a climate such as that 
opposite is true-the winter-side tails are long, and the 
most probable date is on the summer side of the average. 
For stations in a central belt, and particularly for a 
group of stations containing examples of both kinds of 

have occurred; that is, it is the product of the ordinates 
of Figures 3 and 4. The product is plotted (along with a 
similar one calculated for the s ring) in Figure 5. Now 

of first-frost occurrence, and the mean value of the date 
can be determined in the usual manner. For the data in 
question, i. e., a t  Berlin, N. H., the avera e dates are 

season 106 days. Actual frost recor for 25 years ive 
as average dates June 1 and September 14, or 105 ays 
growing season, while the frost record for the years 1915- 
1921, which furnished the temperature-dispersion data, 
gives May 28 and September 19. The temperature cal- 
culation results in average dates which are not on1 much 

re ard to the spring date are also inherently more precise. %review writers on the occurrence of frost have usually 
regarded its occurrences as being distributed normally 
about the average date.2 The curves of Figure 5 are, 

this curve can be regarded as t g e frequency distribution 

May 30 and September 13, the avera e lengt fl of growing 

nearer to the long-period average, but especial 7 y with 

c f  
6 

f See for instan!e “Probable growing season ” by W. 0. Reed, Mo. WEATEICE REV. 
44, 6091(1916). The)deviations from the normafdats a” tabulated for a large number of 
stations and a single frequency curve drawn for the entire group. T ~ M  curve Is shown 
to be approximately aaiuUrian. 

asymmetry it is quite likely that the distribution will 
be approximately symmetrical. 

The length of growing season in four out of five years 
apparently may mean either of two things: (a) The 
number of davs between the dates when the probabilities 
that frost w;h not occur again (in the spring) and that 
it has not yet occurred (in the fall) ate both 0.895 x 
0.895 = 0.80) ; or ( b )  the maximum number of da s which 
is consistent with a roduct of these two proiabilities 
equal to 0.S0, re ar B less of their equality. In  either 
case, the requiref figures may be read from Figure 4 
and a similar curve for the spring. For this station, 
case (a) ives 6s days, June 18 to August 25, case ( b )  

true that this calculation is on y approximate, since the 
dates of spring and fall frost are undoubtedly corre- 
lated, and the joint probability of the two events is not 
simp1 equal to the roduct of their probabilities; such 

change t-he result markedly. 
A final word as to why any more accurac can be 

claimed for the temperature method than for t 1 e simple 

9 gives 69 I ays, June 19 to Au ust 27. It is, of course, 

corre P ations as have g een observed, however, would not 
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averaging of frost dates for the same number of years. minimum tem erature is much less erratic, so that ogee 
The actual dates of last frost are dispersed over at  least curves drawn Pike Figure 2 for various other periods of 
two months in the spring, so that, for instance, the four years would all check fairly closely with that one, 
avera e for the four years 1585-1591 inclusive is June 17, drawn for 1915-1921. 
and 6 r  1597-1900 inclusive, May 21; the variability of 

DUST OVER THE NORTH ATLANTIC. 
By WILLIS EDWIN HURD. 

[Weather Bureau, Washington, D. C., July 18.1922.] 

On the 12th of May, 1922, the Dutch cargo steamer 
YiZdu.m was about 250 miles off the west African coast, 
in approximately 14’ north latitude, 21’ west longitude, 
For more than three da s the vessel had e s  erienced 

atmosphere. At daybreak of the 12th the Yildiina wtls 
found to be covered with a deposit of reddish-brown 
dust, a sample of whic.h was forwarded to the Weather 
Bureau with his meteorological report by the observer, 
Second Officer W. Mulder. A microscoRic examination 
of the dust particles furnished b the 3 aldum was made 
by the U. S. Bureau of Soils. A e i r  geographical source 
was not definitely determined, but it is assured that 
the arc no% of volcanic origin. 

&e Dutch S. S. Hagno was in latitude 8’ 11’ N., 
longitude 50’ 5’ W., at 8 p. m. of May 13, when a red- 
dish mist or haze was observed alono the horizon. The 
haze continued throughout the 14t& wind constantly 
from a northeasterly direction, force 4 to 5. On the 
afternoon of the 15th, in latitude 5’ 31’ N., longitude 
45O 2’ W., a heavy shower and sudden change of wind 
cleared the air, the rain bringing down a “kind of red 

winds from north to nort i east, force 1 to 5 ,  wit R a hazy 

- -  
sand or dust.” 

Mr. G. MacGreaor. second officer of the British S. S. 
Dundrennun, ma& the following report in a similar 
connection: 

11th to 15th May: I&. 7’ 47’ N., long. 44’ 86’ W., to lat. 18’ 41’ N., 
~53’ 22’ W. L. M. noon). rently 

sand similar to that found in the Harmattan win& experienced off 
the west coast of Africa. 

The hazy weather recorded w m  ap 
due to the 1 act that the air wae laden with a very fine reddigbrown 

The observed winds during the period were E. by S. 
to E. b N. force 4 to 7. 

The 3 ritish S. S. Parim noted the mevalence of a fine 
white haze while en route from Sc Kitts and other 
islands to Barbados, May 13 to 15. I t  was sometimes 
so dense as to obscure land 1 to 2 miles distant. The 
observer concluded that as Mount Pelee was said to have 
been in slight eruption (the writer has been unable to 
obtain any confirmation of such recent activity), the 
haze might thus be accounted for.’ 

The citations given are the only ones thus f a r  received 
by the Weather Bureau in which dust was actually 
reported over the north Atlantic during May, 1922, or 
in which abnormal haze conditions were given especial 
notice. Observations from a number of vessels, how- 
ever, indicate a vast area over which haze occurred 
between the 9th and 23d of the month. The emtern- 
most known limit of observation of the haze or dust 
was about the 21st meridian, in 14’ or 15O north lati- 
tude; the westernmost, in the Caribbean Sea and the 
Gulf of Mexico. 

The latitudinal width of the haze area seems to have 
been eatest about mid-ocean, between the 5th and 35th 
paral P els. The American S. S. Harvester observed haze 

1 Since writin$ the foregoing the writer has seen a copy of The Afetmrolgicul M i  
mine of London for Jul which contains an extract from the Bardrdos Admcatc May 
23.1922. Attention is &ere called to the extraoidinary “prevalcnw of a low hinging 
mist which haa shut nff the horlyp’’ over the Carribean Sea from I3arbados to St. 
Kitts and almost to Deanarara. lho idea that the phenomenon was due to volcanic 
dust, at first premlling. wss later discarded. But “no scientific explanation of the 
P~EUO~EIIM ye4 been offered.”- W. E. H. 

as early as the 9th in 35’ north latitude, 41’ 17’ west 
longitude. This date is the same as that of the first 
observation reported from the African coast area. The 
Harvester noted haze daily until the 13th, when in lat. 
33’ 40’ N., long. 53’ W. The Dutch S. S. Hagrio re- 
ported the most souther1 observation. 

Concluding from the 9 oregoing data, the assured fact 
is that a considerable quantity of dust was very early in 
the month, if not actually late in the preceding month, 
derived from some African desert region carried to sea, 
and there cau h t  up in the northerly an6 easterl winds 

positively as dust; in others noted only as haze. From 
the 6th to the 10th of the month the area of high pressure 
was considerably disrupted by cyclonic conditions, which 
in all probability were instrumental in carryin the dust 
so abnormally to the northwestward beyond t B e trades, 
where it was observed by the Harvester. 

This is the second recent instance of observations of 
dust at  sea being re orted to the Weather Bureau by ita 
marine observers. %e revious instance is that given 
b the American S. S. 2 anta RosaZia, April 15, 1921, in 

extratropical cyclone over the Mongolian Desert. The 
dust carried by the northwesterly winds of this dis- 
turbance fell over an area extendin eastward at least 
as far as Japan. I n  the Yellow a n t  Eastern Seas visi- 
bility was so reduced as to interfere with navigation. 

Soil histor in its relation to erosion and strati6cation 

dust material by the winds. The drier the locality of 
course the more rapidly is this surface accumulation 
wind-blown and distributed. The deposition of soil dust 
in some localities is local and considerable in a brief 
period; in other regions there is a slower, steadier, and 
more widespread carrying on of this condition. The 
total amount of dust swept by the sirocco from the Sahara 
Desert to Europe year after year during the last 30 
centuries has been calculated as equivalent to an aver- 
age of at least 53 inches, less over the British Isles and 
northern Germany, but more than that over the southern 
countries. Indeed, t-he Sahara dust has been distributed 
not on1 over Europe but over parts of Africa, Asia, and 

borne a distance of about 1,500 miles to New Zealand, 
and the yellow detritus from interior China has likewise 
been transported far to sea. 

to catch up 

progress. In cases of violent loca storms like desert 
whirlwinds aquantity of dust may be taken f a r  aloft, where 
it passes from the bnef control of the ascensional currents 
and spreads out into the reat horizontal wind systems. 

Pacific, and quite possibly a ispersion of the second type 
which has been herein es ecially discussed as affecting so 

of the trades t elt, where in some cases it was o i served 

t I? e Yellow Sea, coincident with the passage of a severe 

is replete wit Tl world-wide instances of the movements of 

the At T antic Ocean. Dust from Australia has been 

many tons o 1 fine material and cam muci of it as they 

It is a dis ersion of the B ormer type that is instanced in 

d? 
the dust o E servations of A ril, 1921, in the western 

great an area of the nort g Atlantic. 

Severe ma’or cyclonic storms are like1 

9 

* Free, E. A.: Movement of SOU materisl by the wind. Bulldh No. 88, Bureau of saus, 1911, p. 99. 


